The mu-opioid system has a key role in hedonic and motivational processes critical to substance addiction. However, existing mu-opioid antagonists have had limited success as anti-addiction treatments. GSK1521498 is a selective and potent mu-opioid antagonist being developed for the treatment of overeating and substance addictions. In this study, 28 healthy participants were administered single doses of GSK1521498 20 mg, ethanol 0.5 g/kg body weight, or both in combination, in a double blind placebo controlled four-way crossover design. The primary objective was to determine the risk of significant adverse pharmacodynamic and pharmacokinetic (PK) interactions. The effects of GSK1521498 on hedonic and consummatory responses to alcohol and the attentional processing of alcohol-related stimuli, and their modulation by the OPRM1 A118G polymorphism were also explored. GSK1521498 20 mg was well tolerated alone and in combination with ethanol. There were mild transient effects of GSK1521498 on alertness and mood that were greater when it was combined with ethanol. These effects were not of clinical significance. There were no effects of GSK1521498 on reaction time, hedonic or consummatory responses. These findings provide encouraging safety and PK data to support continued development of GSK1521498 for the treatment of alcohol addiction.
The development of drug addiction is characterized by the transition from hedonic drug taking under voluntary control, to compulsive and habitual consumption despite the negative consequences, with an increased motivation to consume and an inability to control consumption, 1, 2 This transition is marked by critical neuroadaptations in key nodes of the dopamine reward circuitry such as the nucleus accumbens. 2, 3 The mu-opioid receptor (MOR) system is a key modulator of this circuitry and has important inhibitory effects on accumbens dopamine via GABAergic projections from the ventral tegmental area (VTA). 4, 5 Alcohol produces its effect by enhancing dopamine release in the nucleus accumbens by disinhibiting the VTA. 6, 7 Its effects are modulated by the OPRM1 A118G polymorphism of the MOR 8, 9 and carriage of the G allele has been associated with the risk of addiction in some reports. 10, 11 In alcohol dependence, the opioid system becomes dysregulated and MOR levels increase. This change correlates with the severity of alcohol craving and persists during abstinence. 12, 13 Given this critical role of MOR, opioid antagonism is an important therapeutic strategy in alcoholism. The non-selective MOR antagonist naltrexone has been shown to reduce drinking in social and dependent drinkers with some evidence for greater efficacy in G carriers. [14] [15] [16] However, naltrexone has had modest clinical success [17] [18] [19] and there is a clear need for more effective treatments.
GSK1521498 ( Figure 1 ) is a MOR antagonist being developed for the treatment of overeating in obesity, and substance addiction. Its binding affinity is approximately 14-20-fold greater for the MOR (than for k and d subtypes), compared to 4-10-fold selectivity reported for naltrexone. 20, 21 In rodent models of cocaine and heroin addiction, GSK1521498 strikingly reduced drug seeking under conditions of abstinence with demonstrable superiority over naltrexone. 22 In healthy human volunteers, it has been shown to be generally well tolerated up to 100 mg as a single dose 23 and up to 10 mg for 10 days. 24 In a 28-day proof of concept study in obese binge eaters, GSK1521498 5 mg/day was well tolerated with significant effects on hedonic and consummatory behavior 25, 26 and attentional processing of food stimuli. 27 An exploratory post hoc pharmacogenetic (PGx) analysis suggested that weight loss may be mediated by the OPRM1 A118G polymorphism, with G-carriers demonstrating increased weight loss compared to AA homozygotes. 25 These findings strongly suggest that GSK1521498 may be a useful treatment for alcohol and other addictions. A first step to investigating this was to assess the possibility of any adverse interactions between alcohol and GSK1521498. To examine this we carried out a singledose double-blind placebo controlled four-way crossover study in healthy participants with GSK1521498 20 mg, ethanol (0.5 g/kg body weight) and both agents in combination. The primary objective was to assess the risk of significant adverse pharmacokinetic (PK) and pharmacodynamic (PD) interactions between alcohol and GSK1521498 and the safety and tolerability of GSK1521498 in combination with alcohol. Additional exploratory objectives were to examine GSK1521498's effects on hedonic and consummatory aspects of alcohol consumption and any modulation of these by the OPRM1 A118G polymorphism.
Methods
The study was conducted in two parts. In part 1, a pilot assessment of the potential for interactions between alcohol and GSK1521498 was carried out and dosing and sampling times for both agents were optimized. Part 2 was a double blind crossover design to investigate the potential for PK and PD interactions, particularly sedative effects, between GSK1521498 and ethanol. In addition the PK, safety and tolerability of GSK1521498 20 mg separately and in combination with ethanol were investigated. In exploratory analyses, the effects of GSK1521498 on hedonic and consummatory aspects of alcohol consumption and on attentional and perceptual bias to alcohol-related stimuli were examined.
Participants
Twenty-eight healthy participants aged 21-55 years and within 20% of normal weight for their height and body build were recruited into the study. All subjects had to have a history of regular alcohol consumption, defined as an average weekly intake of up to 14 drinks/week for men and 7 drinks/week for women, within the previous 6 months. Participants were excluded if they had a current or chronic history of liver disease, neurological disorders, previous or current psychiatric history, a past history of DSM-IV alcohol dependence or abuse, or if they were trying to quit alcohol. A total of 28 subjects participated in parts 1 (N ¼ 4) and 2 (N ¼ 28). The four participants from part 1 also participated in part 2. The study was approved by the Integreview Ethical Review Board, Texas. It was sponsored by GlaxoSmithKline and conducted at the PPD Phase 1 Clinic in Texas, United States (ClinicalTrials.gov identifier: NCT01366573). All participants gave written informed consent for the study.
Design
In Part 1 all subjects received GSK1521498 20 mg followed 1 hour later by 0.5 g/kg ethanol mixed with orange juice to total volume of 200 mL, under single blind conditions. Part 2 used a randomized, double blind, four-period, crossover design (see Figure 2) . The study was double blind only with respect to GSK1521498 as it was not possible to completely blind subjects to the taste and mouthfeel of alcohol. Alcohol was administered in a beverage containing 0.5 g/kg ethanol mixed with orange juice to a total volume of 200 mL. In the nonalcohol condition, a plain orange juice beverage was provided, matched for color and volume with the alcoholic beverage. Subjects were randomized to receive each of the following treatments: (A) oral placebo matching GSK1521498 followed 4 hours later by orange juice; (B) oral placebo followed 4 hours later by alcoholic beverage; (C) oral GSK1521498 20 mg followed 4 hours later by orange juice; (D) oral GSK1521498 20 mg followed 4 hours later by alcoholic beverage. All subjects were scheduled to receive all four treatments with a wash out period of at least 10 days between treatment periods.
Procedures
All subjects attended a medical screening visit within a 30-day period prior to the first dosing session. In part 1, serial PK samples were taken following the administration of GSK1521498 20 mg and ethanol, to determine the time to maximum concentration (T max ) for both agents. From these data, it was determined that to achieve near simultaneous peak levels of GSK1521498 and alcohol, alcohol had to be dosed 4 hours after GSK1521498 (see Figure S1 ).
In part 2, for each study visit, subjects were admitted to the clinical research unit on the evening of day À1. They were fasted from midnight until approximately 6:00 a.m. on day 1 when they received breakfast. At approximately 9:00 a.m. they received GSK1521498 or placebo and 4 hours later received the alcoholic beverage or orange juice. A set of assessments was performed over the Participants remained in the unit throughout and were discharged following satisfactory medical review on day 2. All subjects returned to the unit for outpatient visits at 48 and 72 hours post dosing and for a final follow-up visit 7-10 days after the last treatment session. Participants were required to refrain from caffeine and alcohol from 24 hours prior to dosing until the completion of the 72-hour visit. They were not permitted to use tobacco during the inpatient stay and were advised to limit alcohol consumption between visits to no more than 2 units/day.
Safety and Tolerability
Adverse events and serious adverse events. Adverse event (AE) and serious adverse event (SAE) data were recorded from the point of consent and until the final follow-up visit.
Vital signs and ECG. Systolic and diastolic blood pressure, pulse rate and single 12-lead ECGs were recorded prior to dosing on each study visit and then repeated at pre-specified time points over the 24 hours following dosing.
Clinical laboratory assessments. Clinical chemistry, hematology, and urinalysis were performed at screening and on days À1, day 2, and the 72-hour follow up visit of each treatment period.
Assessment of mood and alertness. Subjective changes in mood and alertness were measured using the Bond and Lader Visual Analogue Mood Scale (VAS), 28 the Profile of Mood States-Brief questionnaire (POMS-B), 29 the Hospital Anxiety and Depression Scale (HADS), 30 Beck Depression Inventory (BDI-II), 31 Beck Anxiety Inventory (BAI), 32 and the Columbia Suicide Severity Rating Scale. 33 The VAS consists of 16 bipolar scales, anchored at each end of a 100-mm line. Participants placed a mark on each line that best described their current state. The VAS measures three-dimensions: alertness (nine items), contentedness (five items), and calmness (two items). The POMS-B has six mood dimensions: anger, vigor, anxiety, fatigue, depression, and confusion. VAS and POMS were assessed on day À1 and on day 1 pre-dose then 4, 7, and 24 hours post GSK1521498/placebo dosing, and at the final follow-up visit. The HADS and BAI were assessed on day À1 and at 24 hours post dosing. BDI-II and CSRRS were assessed at the screening visit, 24 hours post dose on day 1 and at the final follow-up visit.
Neurological assessments. Assessments of balance, gait, coordination, eye movements, and speech were performed. The Purdue Pegboard Test, a test of manual dexterity, was included as an assessment of coordination. These assessments were performed pre-dose and 0.5, 4.5, 6, 8, and 24 hours after dosing.
Cognitive measures. The Cognitive Drug Research cognitive test battery (United BioSource Corporation, Wayne, PA) was used to measure possible effects on psychomotor processing speed, sustained attentional control and alertness as previously described. 24 The Digit Vigilance (DV), Simple Reaction Time (SRT), and Choice Reaction Time (CRT) tests were included from the battery. Scores from the three tests were combined to produce a measure of attention called "Power of Attention (PoA)", which has been shown to be sensitive to drug-induced sedation. 34 Subjects completed two training sessions prior to their first treatment period. On each visit, the training was repeated on day À1 and PoA was assessed on day 1 pre-dose and 5, 7, 9, and 24 hours post GSK1521498/placebo dosing.
Secondary Pharmacodynamic Assessments
The following PD assessments were performed at each visit:
Alcohol Urge Questionnaire (AUQ). 35 This self-report scale provides an index of acute craving and was administered 30 minutes prior to the administration of ethanol.
Hedonic Preference Scale (HPS). Subjects rated how much they liked the beverage at 5 and 10 minutes after the start of the drinking period.
Rate of Consumption. The rate of drinking was measured by weighing the glass and test beverage at baseline and 5 and 10 minutes after start of drinking period.
Biphasic Alcohol Effects Scale (BAES). 36 This self-report scale measures positive and negative feelings commonly experienced after alcohol.
Drug (Alcohol) Visual Analogue Scale (DVAS). The DVAS measures current drug effects in terms of whether subjects feel drunk/do not feel drunk, want more alcohol/do not want more alcohol and like/dislike how alcohol makes them feel. Both the BAES and DVAS were administered approximately an hour after the drink had been consumed.
Visual Probe Task (VPT). 37 This task measures attentional bias to alcohol-related stimuli which is measured in terms of speeded reaction times to probes that replace alcohol cues compared to non-alcohol cues. The cues are presented at 500 and 2,000 milliseconds stimulus durations and the attention bias score was averaged across both durations for the statistical analysis. 38 Perceptual Processing Task (PPT). This task measures perceptual processing of alcohol-related stimuli in terms of increased increase accuracy for alcohol-related cues relative to non-alcohol-related cues. It has the advantage of having accuracy as the primary measure, not reaction time, which can be generally slowed by alcohol.
The VPT and the PPT were performed 1.5 and 1.75 hours after the ethanol administration, respectively.
Pharmacogenetic Analyses
An exploratory post hoc PGx analysis was carried out to examine the effect of the OPRM1 A118G polymorphism on the PD effects of GSK1521498. A single blood sample was collected for genetic analysis from 13 participants who consented to take part in this aspect of the study. The OPRM1 A118G polymorphism (rs1799971) was genotyped in DNA extracted from whole blood in these subjects (see Supplementary Methods).
The following endpoints were examined by genotype: DVAS, BAES (stimulant items and sedative items), PoA, VAS (alertness), and POMS-B (fatigue/inertia and vigor/ activity).
Pharmacokinetics
Blood samples for the PK analyses were collected predose and then 0.5, 1, 2, 4, 6, 8, 12, 24, 48, and 72 hours post dose for GSK1521498, and pre-dose, 4.5, 5, 5.5, 6, 6.5, 7, 8, 10, 12, and 14 hours post GSK1521498 dose for ethanol. Samples were collected ($2 mL in ethylenediaminetetraacetic acid tubes for GSK1521498 analysis, $4 mL in sodium fluoride/potassium oxalate tubes for ethanol analysis) and immediately cooled to 2-4°C. Samples were centrifuged in a refrigerated centrifuge ($4°C ) at 1,500g or 3,000 rpm for 10 minutes. The resultant plasma was transferred to appropriately labeled 1.8 mL (GSK1521498) or 3.6 mL (ethanol) polypropylene tubes and stored at approximately À20°C (or colder) until transferred in the frozen state to Aptuit Laboratories, Verona, Italy (GSK1521498) or PPD, Richmond VA (ethanol). All study samples were received in acceptable condition.
Plasma ethanol analysis was performed under the management of Worldwide Bioanalysis, Drug Metabolism and PKs, GlaxoSmithKline. Plasma ethanol concentrations were determined by PPD, Inc. (Richmond, Virginia) using a validated method (PPD Method GC 89 Version 1.011,2,3). Ethanol and its internal standard, npropanol, were extracted from 100 mL human plasma and analyzed via heated headspace gas chromatography with flame ionization detector. The assay was validated over the ethanol concentration range of 20.0-1000 mg/mL in human potassium oxalate/sodium fluoride plasma. Quality controls for run acceptance were prepared and analyzed with each batch of samples against separately prepared calibration standards to assess the day-to-day performance of the assay. For the analysis to be acceptable, no more than one-third of the quality control results were to deviate from the nominal concentration by more than 15%, with at least one quality control result acceptable at each concentration.
Plasma GSK1521498 concentrations were determined by Aptuit. GSK1521498 was extracted from human plasma by protein precipitation using acetonitrile containing [13C6]-GSK1521498 as an internal standard.
Extracts were analyzed by HPLC-MS/MS using a TurboIonspray™ interface with positive ion multiple reaction monitoring. This method was validated according to departmental standard operating procedures (SOPs) over the range 0.1-100 ng/mL and the lower limit of quantification (LLQ) was 0.1 ng/mL using a 50-L aliquot of human plasma. Calibration data were deemed acceptable if the back-calculated concentration did not deviate from the actual by more than 15% (20% at LLQ) and if no more than 25% of the calibration standards were rejected or lost for any other reason. A calibration standard was omitted from the regression if the back-calculated concentration deviated from actual by more than 15% (20% at LLQ). Individual QC results were deemed acceptable if the calculated concentration deviated by no more than 15% from the actual concentration. The analytical run was approved if no more than one-third of the QC results exceeded the acceptable limit and at least 50% of the results at each concentration were within the acceptable limit.
PK parameters were determined from the plasma concentration-time data for GSK1521498 and ethanol. PK analysis of plasma GSK1521498 and ethanol concentration-time data were conducted using non-compartmental Model 200 (for extravascular administration) in WinNonlin version 5.2 (Pharsight Corporation, Mountain View, CA). Actual elapsed time from dosing was used to estimate all individual plasma PK parameters for evaluable subjects. The following PK parameters were estimated:
1. The maximum observed plasma concentration (C max ), the first time to reach C max (T max ), and absorption lag time (t lag ) were the actual observed values. 2. The terminal plasma elimination rate-constant (lz) was estimated from log-linear regression analysis of the terminal phase of the plasma concentration-time profile. The number of points included in the terminal phase were selected by WinNonlin, and then confirmed and changed, if necessary, by visual inspection of semi-log plots of the plasma concentration-time profiles. At least three data points in the terminal elimination phase were used for each participant for the estimation of lz. The associated apparent terminal elimination half-life (t 1 /2) was calculated as t 1 /2 ¼ ln2/lz. 3. The area under the plasma concentration-time curve from time 0 to the last quantifiable time point (AUC (0-last) ), from time 0 to 12 h (AUC (0-AUC (0-12) and AUC were calculated only for GSK1521498. AUC from time 0 extrapolated to infinity (AUC (0-1 ) was calculated as AUC (0-1) ¼ AUC (0-last) þ C last /lz, where C last is the last observed quantifiable concentration in the terminal elimination phase.
Statistical Analyses
Sample size. A target sample size of 20 evaluable subjects was set based on feasibility to address the objectives of the study. For each PK endpoint, if the within-subject coefficient of variation (CV w ) was no larger than 0.24 and the true ratio of test and reference means was 1 then with this sample size the study would have an 80% probability of resulting in a 90% CI entirely contained within the conventional limits for equivalence (0.8-1.25).
Estimates of CVw from a previous study were 0.20 for AUC (0-1) and 0.28 for C max for GSK1521498. 23 For alcohol the estimates were 0.17 and 0.18 39 and 0.33 and 0.12. 40 For the PoA based on a within-subject-standard deviation of 41 milliseconds (95% CI ¼ 33, 56) 24 the study would then have 90% power to detect a pair-wise difference of 45 milliseconds (with 5% type-I error). Mean values were typically around 1 second, so this was a difference of the order 5%. Alternatively, assuming no difference in PoA, there was an 80% probability that the CI for the difference would lie between AE56 milliseconds (i.e., ruling out differences of a greater magnitude than about 6%).
Safety and tolerability. Respiratory rate, temperature, orthostatic blood pressure measurements, systolic and diastolic blood pressure, and heart rate were summarized for each time point and treatment. A categorical summary of the ECG measures was created to determine the number and percentage of subjects per treatment who had a maximum increase from baseline QTc on day 1 (0-24 h) by pre-specified categories. Neurological examination measures were summarized as absolute and relative frequencies of assessments considered abnormal. Clinical laboratory parameters at each time point were compared to baseline measures for all participants.
Mood and alertness and PD endpoints. All statistical analyses were carried out only on the part 2 study data. The PoA score, VAS, POMS-B, Purdue Pegboard, HPS, and rate of beverage consumption were analyzed using a repeated measures analyses of variance (ANOVA) with treatment period, time, treatment and time Â treatment as fixed effects, subject as a random effect and time as a repeated effect. For PoA, VAS, and POMS-B, subject and period baseline were included as continuous covariates with a period baseline Â time interaction. The AUQ, BAES, DVAS, VPT, and PPT were analyzed using an ANOVA with period and treatment as fixed effects and subject as a random effect. All analyses were performed using PROC MIXED from SAS. Least squares means and 95% CI were estimated for each treatment. Pair-wise treatment differences to evaluate the effects of GSK1521498 and ethanol independently, in the presence of each other, and in combination were also estimated with 95% CI and associated P-value.
Interaction of
Pharmacogenetic analyses. The influence of OPRM1 A118G on the clinical endpoints evaluated was performed using a non-parametric Wilcoxon's exact test. Box and whisker plots were generated using information from all White subjects with genotype and phenotype data available (n ¼ 9). Analysis was undertaken by genotype within each treatment group.
Pharmacokinetic Analyses
For the assessment of the PK interactions between ethanol and GSK1521498, mixed effects ANOVA were performed on log-transformed AUC (0-1) , C max , AUC (0-last) , and t 1 /2, with subject as a random effect and treatment and period as fixed effects. GSK1521498 plus ethanol was considered the test treatment. For the first analysis assessing the interaction of ethanol on GSK1521498 PK, GSK152498 alone was considered the reference treatment. For the second analysis assessing the interaction of GSK1521498 on ethanol PK, ethanol alone was considered the reference treatment. For both analyses point estimates and associated 90% CIs were constructed for the difference between the test and reference treatments. These were back-transformed to obtain point estimates and 90% CIs for the ratios of test to reference treatments and the magnitude of the interaction effects of ethanol and GSK1521498 on each other. T max and t lag of GSK1521498 and ethanol were analyzed separately. For these measures, the point estimates of the median for combined and independent administration, together with the difference of medians (test treatment vs. both reference treatments) and the corresponding 90% CIs from the Wilcoxon's test, were determined.
Results
Four patients were enrolled into and completed part 1. Twenty-eight subjects were randomized into part 2 and received at least one dose of study drug. The mean age was 32.2 years (SD ¼ 8.93) and mean BMI 24.1 kg m 2 (SD ¼ 2.54). Eighteen (64%) were male and 23 (82%) were Caucasian (see Table S1 ). Twenty-two completed all study periods. Two subjects withdrew consent before completing the study, and four subjects were withdrawn (see below). All 28 subjects were included in the safety and tolerability analyses and 25 who had at least one PK sample were included in the PK analysis.
Safety and Tolerability
Adverse events. GSK1521498 20 mg was well tolerated when given alone and in combination with ethanol (see Tables 1 and S3 ). The most frequently reported AEs that were judged to be possibly drug-related were nausea, dizziness, fatigue headache, and abnormalities of tandem walking. A lower incidence of AEs was reported with GSK151498 20 mg alone (22%) compared to GSK1521498 plus ethanol (30%) and placebo plus ethanol (44%). Nausea was the most frequent AE (4-25%) across treatment groups. Gastrointestinal AEs (nausea and vomiting) appeared slightly higher following GSK1521498 administration (either alone or with ethanol) than with placebo or ethanol alone. Gait and coordination disturbances were reported after ethanol; the incidence was similar when administered with placebo (4-8%) or GSK1521498 (4-9%). All AEs were mild or moderate in intensity. Co-administration did not appear to have a major effect on tolerability compared with each agent alone. No SAEs were reported during the study. Two subjects were withdrawn after the third treatment period owing to AEs. One developed headache and wheezing (but no other features of hypersensitivity) after GSK1521498. The other developed premature ventricular contractions (PVCs) prior to receiving any treatment.
Vital signs and ECG. Apart from the subject who developed PVC, and two subjects who experienced orthostatic hypotension (one each in the placebo and ethanol periods), no abnormalities of clinical significance were seen.
Clinical laboratory assessments. There were no laboratory findings of clinical significance and no notable differences across the treatment periods.
Mood and alertness. The results of the various measures are presented below. It should be noted that as measures at the 4-hour time point are prior to the administration of ethanol, any effects in the ethanol containing treatment periods do not reflect a PD effect of ethanol at this time point. Due to the sensitivity of some measures, in combination with the crossover study design, some very small differences between arms (e.g., 0.9 mm for VAS) reached statistical significance.
VAS:
Decreases on the VAS subscales are reflected as increases in subscale scores with changes of 20 mm being clinically significant. Compared to placebo, at the 4-hour time point in treatment periods with GSK1521498 20 mg, statistically significant decreases in alertness and contentedness were seen. At 7 hours, GSK1521498 in combination with ethanol produced further reductions in alertness and contentedness, which were higher than the effects of ethanol or GSK1521498 alone. There were no significant effects at 24 hours and no impairments on the calmness subscale (see Figure 3 and Table  S4 ). POMS-B: Compared to placebo, at the 4-hour time point GSK1521498 20 mg significantly impaired the total mood disturbance (mean ¼ 3.14 points, 95% CI ¼ 0.96, 5.32). A (Table S5) . Self-report scales: One subject scored 13 on the BAI following GSK1521498 with ethanol and another 16 on the BDI following GSK1521498. Both were isolated instances and no significant treatment effects were detected for BDI-II, BAI or the HADS. No suicidal ideation was reported at any point in the study (Tables S6-S8 ).
Neurological assessments. Abnormalities of gait, balance, coordination, and speech were reported following regimens that included ethanol (see adverse effects). On the Purdue pegboard there were no differences in baseline performance. Ethanol impaired performance but only 30 minutes after its administration (Table S9) . Ethanol produced a mean impairment of À1.82 (95% CI ¼ À4.27, 0.63) both alone and with GSK1521498 but this appeared to be driven by ethanol as the combination showed an impairment compared to GSK1521498 alone (À2.64, 95% CI ¼ À5.18, À0.10).
Cognitive measures. There were no pre-dose differences among treatments on any of these measures (see Figure 4 and Tables S10-S13).
Choice Reaction Time: There were no statistically significant differences at any time point for either GSK1521498, ethanol or its combination. of ethanol and GSK1521498 produced a smaller increase in speed of 26.61 milliseconds (95% CI ¼ 11.20, 42.01). This effect seemed to be driven by ethanol as the combination compared to GSK1521498 alone showed an increase of 29.46 milliseconds (95% CI ¼ 13.49, 45.53). There were no other statistically significant differences at any time point for either GSK1521498, ethanol, or its combination. Power of Attention: Significant effects were only seen at the 5-hour time point. Ethanol reduced attention compared to placebo (mean ¼ 142.57 milliseconds, 95% CI ¼ 59.26, 225.87). The combination of GSK1521498 20 mg with ethanol did not cause any additional impairments in attention, although compared to placebo, the combination impaired attention less than ethanol alone (mean ¼ 81.72 milliseconds, 95% CI ¼ À5.7, 169.14). GSK1521498 20 mg alone did not produce any significant impairment of attention.
Secondary Pharmacodynamic Assessments
Alcohol Urge Questionnaire. There was no significant effect of GSK1521498 on the urge to consume alcohol (Table S14) .
Hedonic Preference Scale and Rate of Beverage Consumption. The pleasurable response 10 minutes after consumption and rate of consumption were reduced by ethanol relative to orange juice alone, whether alone or in combination with GSK1521498. GSK1521498 had no effect on hedonic preference or rate of consumption, alone or in combination with ethanol (Tables S15 and  S16) .
Biphasic Alcohol Effects Scale. Ethanol produced statistically significant increases compared to placebo on the stimulant (mean ¼ 10.8, 95% CI ¼ 2.6, 19.0) and sedative subscales (mean ¼ 12.3, 95% CI ¼ 5.8, 18.8).
However there was no effect of GSK1521498 alone or any additional effect in combination with ethanol on these subjective feelings (Table S17) .
Drug (Alcohol) Visual Analogue Scale. Statistically significant increases on the do not feel drunk/feel drunk scale were seen in treatment periods with ethanol both alone (mean ¼ 51.5, 95% CI ¼ 41.8, 61.2) and in combination with GSK1521498 (mean ¼ 55.8, 95% CI ¼ 45.9, 65.6). There were no additional effects of the combination over ethanol alone (mean ¼ 4.3, 95% CI ¼ À5.8, 14.3). Ethanol significantly decreased ratings on the want more alcohol/do not want more alcohol scale (mean ¼ -21, 95% CI ¼ À33, À10) but the effect of the combination did not reach significance (mean ¼ À10.2, 95% CI ¼ À22, 1.5). No significant differences were found on the like how alcohol is making me feel/dislike how alcohol is making me feel scale (Table S18) . Visual Probe Task and Perceptual Processing Task. On the VPT there were no significant effects of GSK1521498, alcohol, or their interaction on attentional bias to alcoholrelated cues. No significant differences were observed on the PPT (Tables S19 and S20 ).
Pharmacogenetics
Thirteen subjects (10 of white, and 3 of African ethnicity) provided consent for PGx research and were genotyped for OPRM1 A118G. Of the 10 white subjects, four carried at least one G allele (3 AG, 1 GG) but the necessary clinical phenotype data were unavailable for GG individual (see Table S2 for a comparison of the PGx sample and the full study sample). Effects of ethanol appeared more pronounced on the DVAS subscales in the white G-carriers (Figure S1 ). White G carriers demonstrated trends towards increased levels of sedation on the BAES when GSK1521498 was combined with ethanol ( Figure S2 ). However, these trends were not seen across four related end-points: PoA, VAS alertness, POMS-B fatigue/inertia, and vigor/activity.
Pharmacokinetics
Summaries were not generated for PK parameters from part 1 and only data from part 2 are presented (see Table 2 ). Dosing of ethanol 4 hours following GSK1521498 administration provided reasonable synchronization of peak exposures of both during the co-administration periods ( Figures S2 and S3) . The geometric least square mean ratio estimates of the interaction effects of ethanol on GSK1521498 PK were 1.02 (90% CI ¼ 0.95, 1.09) and 0.92 (0.85, 0.99) for AUC (0-1) and C max , respectively. The corresponding estimates for the effects of GSK1521498 on ethanol PK were 1.00 (0.94, 1.07) and 1.04 (0.99,1.09); 90% CIs for all measures were contained within the standard bioequivalence range (0.8-1.25) indicating no effect of either agent on the PK of the other.
Discussion
GSK1521498 is a novel mu-opioid antagonist and a potential new treatment for alcohol and other addictions. In previous trials in human, it has demonstrated a good safety and tolerability profile. [23] [24] [25] In this study, we investigated its safety, tolerability, PD, and PK when administered with ethanol. The selected dose of 20 mg is a clinically relevant one as it associated with an exposure following a single dose that is equivalent to 10 mg at steady-state dosing and is predicted to achieve greater than 90% receptor occupancy. 21, 25 GSK1521498 was well tolerated at this dose when administered on its own and in combination with ethanol. Adverse effects were mild or moderate in severity with nausea being the most common (up to 13% of subjects). Fewer adverse effects were reported with GSK1521498 alone (4-9%) than with the combination (4-13%) or Presented as upper and lower limits of 95% CI apart from T max and t lag which are presented as estimate of median difference (95% CI).
with ethanol alone (4-16%). Co-administration of GSK1521498 with ethanol did not appear to substantially affect its tolerability. GSK1521498 was not associated with abnormalities of laboratory tests; vital signs or ECG measures either alone or in combination with ethanol. Minor effects were seen on neurological assessments with ethanol, which were not unexpected, and these were not affected by GSK1521498. In terms of behavioral effects, GSK1521498 produced statistically significant but mild transient effects on the VAS alertness and contentedness subscales and the POMS-B total mood score. These effects were enhanced when GSK1521498 was co-administered with ethanol. However, the effects were small and not clinically significant and consistent with findings in previous studies with this agent 24, 25 and these effects disappear early in treatment. 25 There were no changes seen on any of the self-report measures of mood-BDI-II, BAI, or HADS. As ethanol is known to slow reaction times and a similar effect has been seen with initial administration of GSK1521498, 24 a particular concern was a possible additive effect of both agents on this measure. However, while we found that ethanol did indeed affect reaction time on the PoA tasks, GSK1521498 did not and any effects of the combination were driven by the effects of ethanol.
On the exploratory PD measures that were used to examine effects on hedonic and consummatory aspects of alcohol consumption we did not find any effect of GSK1521498 either alone or in combination with ethanol. The effects of ethanol were not always as expected, for example, consumption of orange juice with ethanol was slower than orange juice alone and ethanol decreased the hedonic preference for alcohol. This may relate to the formulation of ethanol used (Everclear) which was a preparation specifically chosen for standardization of dosing and very likely different from most subjects' personally preferred alcoholic beverage. On the measure of attentional bias to alcohol-related stimuli, neither ethanol nor GSK1521498, alone or in combination affected the attentional bias to alcohol-related stimuli. These results require a cautious interpretation given the ethanol formulation used, the single dosing regimen of GSK1521498 and the study population (healthy social drinkers) for whom the motivational properties of alcohol cues may have been low. In relation to the last point, it should be noted that the effects of GSK1521498 on attentional bias to food-related stimuli were seen in obese binge eaters for whom the food cues had higher motivational value. 25, 38 The PK parameters of GSK1521498 in this study were in keeping with those from previous studies with this drug 23, 25 and there was no evidence of a PK interaction with ethanol (or vice versa).
The PGx analyses were limited by the small sample size (N ¼ 9) of Caucasian subjects with only three G-carriers with available phenotype data. Interestingly, G-carriers showed enhanced sedative response to ethanol and GSK152498. While these results are very preliminary and not seen on related measures of sedation, they suggest that PGx considerations are very important in the future development of this drug. This is particularly relevant for targeted treatment and dose optimization; especially given the data suggesting that the A118G polymorphism may mediate the effects of alcohol, 9 risk of dependence, 11 treatment effects of naltrexone, 15 and the preliminary weight effects seen in the recent phase 2 trial of GSK1521498 in obese binge eaters. 25 In summary, GSK1521498 was generally well tolerated and had a good safety profile at the dose of 20 mg. There was no evidence of a PK or unexpected PD effect of GSK1521498 administered alone or in combination with ethanol 0.5 g/kg. There were transient effects on alertness and mood that were greater when combined with ethanol. While it is not possible to definitively rule out a small PD interaction but if present, this study indicates that it is small. Overall these findings are encouraging for the further progression of the drug for the treatment of alcohol addiction. Figure S3 . Effect of OPRM1 A118G genotype treatment differences on BAES Sedative Items Sum Score. Table S1 . Summary of subject disposition and demographic characteristics Table S2 . Comparison of PGx population with all subjects Table S3 . Summary of all drug-related on-therapy adverse events Table S4 . Summary of VAS scores Table S5 . Summary of POMS-B total mood disturbances Table S10 . Adjusted means and treatment differences for Choice Reaction Time  Table S11 . Adjusted means and treatment differences for Simple Reaction Time Table S12 . Adjusted means and treatment differences for Digit Vigilance speed Table S13 . Adjusted means and treatment differences for Power of Attention Table S14 . Treatment differences for the Alcohol Urge Questionnaire (AUQ) 
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